Lichen-associated bacteria represent an underexplored potential source for the discovery of novel compounds. To induce the production of cytotoxic compounds we applied an OSMAC (One Strain Many Compounds) approach on Nocardia sp which was selected among several strains isolated from Lathagrium auriforme (ex Collema auriforme).
Background
Lichen-associated bacteria represent an underexplored potential source for the discovery of novel compounds. To induce the production of cytotoxic compounds we applied an OSMAC (One Strain Many Compounds) approach on Nocardia sp which was selected among several strains isolated from Lathagrium auriforme (ex Collema auriforme).
Results
Bacteria were cultured under different conditions and two different extracts, a supernatant and a XAD-7HP resin extracts were obtained. Preliminary assays, performed with extracts from four different culture media (modified LB, TY, MB, ISP2), led to the selection of an extract from TY culture with interesting cytotoxicity against two cell lines (HaCaT: IC50 = 8.0 ± 1.5 µg/mL; B16: IC50 = 4.6 ± 1.8 µg/mL) but with a low yield (16.1 mg/L). Using Taguchi L9 orthogonal array design in TY culture medium, the increase in cytotoxic activity of extracts obtained from two different vessels (bioreactor or Erlenmeyer flasks) was investigated. Varying culture parameters such as, temperature, pH and inoculum ratio (%) were used. For experiments conducted in a bioreactor, stirring speed was included as an additional parameter.
Conclusions
Significant differences in the cytotoxic activities of different extracts on B16 cell lines, highlighted the influence of temperature on the production of cytotoxic compound(s) in a bioreactor. A culture in Erlenmeyer flasks was also performed and afforded an increase of the production of the active compounds. The best conditions for the highest cytotoxicity (IC50 on B16: 6 ± 0.5 µg/mL) and the highest yield (202.0 mg/L) were identified as: pH 6, temperature 37°C and 5% inoculum. 63 ignorata), was used. To our knowledge only our previous study has described the chemical 64 production of this Nocardia strain [16] . A preliminary assay showed that the culture broth 65 extract of this bacterium possessed an interesting cytotoxic activity against B16 (murine 66 melanoma) cell lines (IC50 = 23 ± 3 µg/mL). The aim of this study was to estimate the impact 67 of different culture parameters on this cytotoxicity. We have chosen herein to evaluate 68 various parameters: pH, temperature, stirring speed and the inoculum ratio (%) (v/v). The 69 evaluation of all these parameters requires 81 experiments, which is very time consuming. 
Statistical analysis 294
The F-ratio and the p-value determined from the ANOVA analysis on the cytotoxicity of the 295 resin extracts showed that the temperature significantly influenced the activity (p < 0.05) 296 (Table 8 and Fig 1) . Conversely, none of the parameters selected for this analysis showed a 297 significant effect on the extraction yield as well as for the cytotoxicity of the supernatant 298 extracts (Table 9 ). 299 300 
Impact of the culture vessel on the activity of extracts 338
In order to determine the effect of the culture conditions on the production of cytotoxic 339 metabolites, we compared the results obtained for three processes performed using either 340 bioreactor or Erlenmeyer flasks and possessing similar culture conditions with a stirring 341 speed fixed at 150 rpm (Table 11 ). Among them, the most active extracts were obtained at 342 37 °C, pH 6 and a 2% inoculum ratio (experiments B9 and E9). The yields were also higher 343 in these experiments in comparison to the other ones. 344 345 (Fig 2A) . Variability was also observed for the production 360 of compounds eluted between 26 and 32 min (Fig 2A) . In the SE of E9 a compound eluted 361 at the beginning of the gradient appeared. Moreover, a difference of the production of 362 compounds eluted between 22 and 28 min was also highlighted between the two culture 363 vessels ( Fig 2B) . The production of adenine was most important in bioreactor than in 364 Erlenmeyer reaction set-up (Fig 2) . Despite these differences in the chemical profiles, the 365 activity of the extracts were similar between bioreactor and Erlenmeyer flasks (except for 366 the SE on B16 cells) meaning that the compounds highlighted above are not implicated in 367 the cytotoxicity of the extracts. for Actinobacteria strains. Thus, the effect of the temperature has been described on the 407 biomass and geosmin production by strains of N. cummidelens and N. fluminea. The highest 408 biomass production was thus obtained at the warmest temperature tested, 30°C and 25°C, 409 for the both strains and the production of geosmin was optimal at 25°C [26]. Similar effects 410 has been reported on the production of rapamycin by a Streptomyces strain, where the 411 optimal temperature was established at 23°C, the lowest tested value [27] . 412
In spite of employing similar culture conditions (temperature 37°C, pH 6 and inoculum 5%,) 413 in both the bioreactor (B3) and Erlenmeyer flasks (E7), the best activity (IC50 = 6 ± 0.5 414 µg/mL on B16) was displayed by extracts obtained from Erlenmeyer flasks (E7) 415 highlighting the importance of the culture process used.
417
Various compounds have been previously isolated from the culture broth of this bacterial 418 strain [16] . Compounds identified were mainly diketopiperazines. An auxin derivative and 419 purine derivatives (e.g. adenine) have also been isolated (data not published) but none of 420 these compounds explained the cytotoxic activity of the bacterial extracts.
421
The comparison of the chemical profiles of extracts obtained by culture in bioreactor and in 422 Erlenmeyer flasks highlighted several differences which also revealed the impact of the 423 system used. These difference of production could be explained by the different aeration 424 and the stirring system used [28] . In fact, the stirring in bioreactor is performed by agitation 425 blade submerged in the culture broth which implicates hyphal breaks, while in shaken 426 flasks the agitation is performed with an orbital shaker allowing the hyphal formation. In a 427 similar way, the aeration system in bioreactor consisted of a tube submerged in the culture 428 broth that conducted oxygen into the medium causing the formation of bubbles, while in 429 the shaken flasks there is no specific system for aeration. These main differences could 430 explain the variation of bacterial production profile due to a different oxygenation and 431 stirring methods inducing different stress conditions for bacteria.
432
The comparison of the chemical profiles of the most active extracts (Fig 3) showed a very 433 similar production and the major compounds already isolated possess no cytotoxic 434 properties on B16 cell line. Nevertheless, some zones of the chromatogram corresponding 435 to unidentified compounds have been highlighted (Fig 3) . 
